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ABSTRACT

The goal of this project is to conpare net-pen rearing
met hods to traditional hatchery nethods of rearing upriver bright
fall chinook salmon (ncorhvnchus tshawtscha). Fish were reared
at several densities in net pens at three Colunbia R ver
backwater sites during 1984-1987, and in a barrier net at one
site during 1984-1986; nethods included both fed and unfed
treatnents. The purpose of this report is to sumarize the
results obtained from the unfed treatnments and the current return
of adults fromall fed treatnments and the barrier net.

Zoopl ankton were the primary food item of unfed fish. Fish
reared in net pens utilized insects colonizing the nets as an
addi tional food source, whereas those reared in the barrier net
did not.

Gowth and production of fish reared in the unfed treatnents
were | ow I nstant aneous growth rates of unfed fish were much
| ower than those of the fed treatnments and hatchery controls
except when zoopl ankton densities were high and chironomd | arvae
were inportant in the diet of unfed fish reared in pens. Only
fish in the barrier net treatment resulted in consistent net
gains in growh and production over the rearing periods.

Adult returns of fish fromall fed and unfed treatments are
| ower than those of control fish reared at the hatchery. Ret urns
appear to be inversely related to rearing density. Even though
adult returns are lower than those of traditional hatchery

met hods, a cost-benefit analysis, as return data becones nore



conplete, may prove these nethods to be an econom cal neans of

expandi ng current hatchery production, particularly if "thinning"

rel eases were used.



I NTRODUCTI ON

The goal of this project is to conpare off-station rearing
strategies with traditional hatchery methods. Upri ver bright

fall chinook salnon (Oncorhynchus tshawtscha) were reared in

net-pens at three backwater sites along the Colunbia R ver and in
a barrier net enclosure at one site (Novotny et al. 1984, 1985,
1986a, 1986b, 1987, 1988).

Rearing methods included feeding a full hatchery ration (3-
4% body wei ght per day) to fish held at several densities in net
pens and rearing fish w thout supplenental feeding in net pens at
three densities and in one barrier net enclosure. These "unfed"
treatments were tested to determne the densities of fish which
could be supported in the backwater sites w thout supplenental
f eedi ng. The unfed net pen treatnments were designed to determ ne
growh and survival wthout the influence of predation which
woul d occur in the barrier net.

This report consists of a sunmmarization of food habits,
growm h, and production of unfed fish reared during 1984-1987 and
an update of adult returns of fed fish reared in net pens and

unfed fish reared in the barrier net during this period.



METHODS

Unfed fish were reared in net pens and in a barrier net
encl osure at Rock Creek (RC), river kilometer (km 364, in 1984,
1985, and 1986, and in net pens at Drano Lake (DL), river km 261
in 1987. In 1984, unfed fish were stocked at a density of 6 g/m3
in the net pens and 13 g/m3 in the barrier net. During rearing
trials in 1985-1987, unfed fish were stocked in net pens at |ow
(32 g/m3), nedium (64 g/m3), and high densities (128 g/m3) and in
the barrier net at 20 g/m3. The barrier net treatment was not
used in 1987. In 1984 and 1985, predatory fish were not renoved
fromwthin the barrier net enclosure, however, due to the high
nortality rates estimated in 1985, predators were renoved from
the enclosure prior to fish planting in 1986.

The nunbers of fish stocked and released from the net pens
was determ ned by weighing several pounds of fish and counting
the nunber weighed to arrive at an average nunber per pound
estimate. Total pounds of fish stocked into each pen was then
converted to nunbers of fish using this estimate. Nunber s
stocked into the barrier net were determ ned using the sane
met hod. Cal cul ation of the nunber released from the barrier net
was made using Chapman's nodification of the Petersen mark-
recapture procedure.

A sub-sanple of 50 fish was renoved from the hatchery and
each off-station treatnment bi-weekly and preserved in 10 %

formalin for subsequent |ength and wei ght neasurenents.



I nstant aneous growh was calculated as (1n(Wg3) — 1In(Wgq) / t2 -
tl ) X 102, where W= weight in grans, ti1 = Julian date at the
begi nning of rearing period and t2 = Julian date at the end of

t he peri od.

Zoopl ankt on sanples were collected weekly during the periods
of fish rearing in 1984-1987. In 1984 and 1987 a MIler sanpler
was used, but a Wsconsin townet was used during other years.

Stomachs from | 0-56 unfed fish reared at each density and
rearing nmethod (treatnent) were exam ned each year. Food itens
were identified and enunerated. Data for each item are expressed
as the nmean nunber per stonmach, the percent occurrence, and the
percent of the total nunber of food itens (TN); weights of the
food itenms were not neasured.

Al treatnents except the fish reared in the unfed pens in
1984-1987 and in the barrier net in 1984 were coded-w re tagged.
A conbination of trap nets and weirs were used to capture adults
returning to the rearing sites during 1985-1989. A Merwin trap-
net was the nost effective means of capturing returning adults at
RC. Fish reared in DL are expected to return to the fish |adder
at the Little Wite Salnon National Fish Hatchery. Due to the
| ack of recaptures, efforts to collect adults at Social Security
Pond have not been nade since 1986. Data on contributions
to the ocean and in-river fisheries are fromthe Pacific Marine
Fi sh Comm ssi on dat abase. Data are current as of January 1990.

Sonme data are prelimnary.



RESULTS

FOOD HABI TS OF UNFED FI SH

Foods Avail able

Mean nunbers of zooplankton at RC and DL were typically |ow
until md-late May (Figure 1; Appendices 1 and 2). Zoopl ankton
densities during the rearing periods at RC were generally highest
in 1984 and |lowest in 1985, although nean nunbers increased
dramatically late in May of 1985. Zoopl ankton densities at DL
were much |lower than those at RC, but trends were simlar. A
| arge nunber of chironom d |arvae were observed col onizing the

sides of the net pens at RC in 1985.

Foods Utilized

Fish in net pens consumed zooplankton as their primary food
item but supplenented their diet with insects, primarily
chironomd larvae (Figures 2, 3, and 4; Appendix 3). Zoopl ankton
usual Iy conprised over 92% TN. Mean nunbers of food itens per
stomach were highest during 1984 (151.1) when the rearing density
was the | owest of any year. Mean nunbers of food itens per
stomach in 1986 were generally higher than those observed during
1985 or 1987. The highest nean nunbers per stomach (172.3)
occurred in the high density during 1985, due to a |arge nunber
of bryozoan statoblasts (163.6). As the rearing density

i ncreased in 1985, the nunber of chironomd larvae in the
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Figure 1. Mean nunbers of zooplankton in Rock Creek (RC) and
Drano Lake (DL), 1984-87.
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di et decreased and the nunber of bryozoan statoblasts increased.
Chironom d | arvae conprised over 67% TN in stomachs from fish
reared at the low density in 1985. The | owest nean nunber of food
items occurred in stomachs of fish reared at the high density
treatment in 1987 (1.6); no zooplankton were present in these
st omachs.

Zoopl ankton were the prinmary food itemof fish reared in the
barrier net, naking up nearly 100% TN (Figure 5; Appendix 4).
The proportions of cladocerans and copepods in the stonmachs were
nearly equal in 1985 and 1986, but cladocerans were a nore
inportant food itemin 1984, conprising 81% TN. Mean nunbers of
food itens per stomach declined froma maxi mumof 290.1 in 1984
to 178.6 in 1986 and 91.4 in 1985. This trend was sinmilar to the

pattern of zoopl ankton abundance during these years.

GROMH AND PRODUCTI ON OF UNFED FI SH

| nst ant aneous growth rates of fish in the unfed treatnents
were nuch |ower than those of the regular density fed treatnent
and the hatchery controls, except in 1985, when growth in the | ow
and medi um density unfed pens was better than growth of the
hatchery control (Figure 6). A net loss of weight occurred in
fish reared at the low density in 1984, the nediumdensity in
1987, and at the high density in 1986 and 1987. The barrier net
was the only unfed treatnent where fish showed a net gain in
wei ght each year

Production of fish fromthe unfed pen and barrier net

11
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treatments was low (Table 1). The best fish production was from
the unfed pens in 1984, with a net gain of 0.019 kg/m3 over the
42 day rearing period; this treatnent had the | owest rearing
density during the study. Wth the exception of the medium
density treatment in 1986, the medium and high density

treatnments resulted in a net |oss of biomass each year

ADULT RETURNS FROM FED TREATMENTS AND THE BARRI ER NET

To facilitate conparisons between hatchery and of f-station
return rates, total percent returns of fish reared at RC and SSP
were adjusted for an average 26% | oss of out-mgrants in each
project encountered before arriving at the Bonneville pool, where
controls were released (N2 Sins and Gssiander 1981). Wile
this may seem high, given that fall chinook are smaller and
m grate slower than spring chinook salnon, with which the
estimate was made, it is probably an underestinmate of the
conbi ned effects of nortality due to dam passage and predation in
Columbia River reservoirs (Reman et al. 1988).

Adjusted adult returns fromfish reared off-station are
| ower than those of control groups reared at LW but are in the
range of survival of releases from Colunbia River hatcheries
(Vreeland 1988) (Table 2). Vreeland (1988) lists survival of
1978-81 brood fall chinook reared in Colunbia River hatcheries
fromless than 0.05% to 2.20%

In general, recoveries of 4-year old fish have been higher
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Tabl el . summary of mean mmber of f | Sh stocked and rel eased, meanrmrtality(percerrt),
mean weight/fish at stocking and at release, lengths of respective rearing periods,
mean density at stocking and at release, and net production among unfed fish reared
in pens at low, medium, and high density and in the barrier net at Rock Creek in 1985
and 1986, and Drano Lake in 1987.

Treatment Number of fish Mortality\b Weight Rearing Density\c Net
and year per pen\a (%) (9) period kg/::!X Produc:gion
(kg/m>)
Stocking Release Stocking Release (d) Stocking Release
Low
1984 518 484 3.5 2.8 6.8 42 .018 .037 0.019
1985 1034 875 2.5 1.5 1.8 24 .020 , 020 0. 000
1986 968 848 1.0 2.3 3.0 60 .028 .032 0.004
1987 991 894 0.2 1.0 1.2 49 .013 , 013 0. 000
Medium
1985 2036 1787 9.8 1.5 1.7 24 .039 .038 -0.001
1986 1652 1478 3.0 2.3 2.6 60 .048 .050 0. 002
1987 1982 1876 0.8 1.0 0.8 49 .026 , 019 -0. 007
High
1985 4249 3104 22. 7 1.5 1.5 24 .081 .059 -0.022
1986 3702 3399 4.7 2.3 2.0 60 .108 .088 -0. 002
1987 3964 3508 10.6 1.0 0.8 49 .051 .037 -0.014
B. Net
1984 79442 55780 29.7 2.8 5.5 42 .018 , 021 0.003
1985 254,194 129, 764 49.0 1.5 2.7 48 .016 .018 0. 002
1986 219,466 218, 152 0.4 1.6 2.0 60 .020 , 024 0. 004

a/ Mean value of two replicates for fish reared in pens.

b/ Includes only natural mortality; sampling mortality accounted f or an additional 100- 150
fish/pen.

c/ Projected stocking densities of .032, .064, and .128 ky/m3 were based on a mean
stocking size of 2.0 g per fish; actual weights of fish at stocking varied.




than recoveries of 2 or 3-year old fish. Returns fromRC in 1985
and 1986, although inconplete, are much lower for the barrier net
and double and triple density fed treatnments (1986 only) than for
the regular density treatment. Recoveries of 2 and 3-year old
fish reared in DL show the triple density to have the greatest
rate of return, followed by the regular density. This is largely
due to a relatively large nunber of in-river recoveries of 3-year
ol ds.

On-site recaptures of fish reared off-station in 1984 and
1985, the nost conplete data at this tine, have been nuch | ower
than the ocean and in-river harvests (Table 3); no fish have been
recovered at SSP. Total returns of fish reared at RC in 1984
were much hi gher than those from SSP, but recoveries were about
equal in 1985. Adjusted returns fromthe barrier net treatnent
in 1985 were considerably |ower (nean = .644%) than those of the
fed fish treatments at RC (nean = 1.072%.

Nunbers of adults recovered at RC in 1989 were equal in
Cctober and Novenber (Table 4). In past years, nost recoveries
have occurred in Novenber. Seven marked adults were captured

three of which were fromthis study.
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Table 2. Adult recoveries fronrel eases at Rock Creek (RC), Social Security pond (SSP), Drano Lake (DL), and the
Little Wite salnon National Fish Hatchery (LW. Fed pen treatments |isted include regul ar (Reg), double
(Dbl), triple (Trp) and quadruple (QJaR ensi ti es. Bnt denotes the barrier net treatment. Om site recoveries
from RC and SSP are absolute numbers, al [ ot hers are expanded.

Rel ease Treat- Number Location/ Cmsite Ocean [n-river
Year ment Tagged Code Recovery Recovery Recovery
o 2 3 4 5 6 2 3 456 23456 _________
1984 Reg 72027 SSP/H50606 0 o - - - 3 32 36 6 8 14 49 17 -
Reg 79610 RC/H50607 10 1 0 - - 6 125 81 5 14 60 108 14 -
94847 1W/051337 26 11 51 - - 25 97 188 49 13 53 257 100 6
1985 Reg 99169 SSP/H50702 0 - - - - 9 50 147 - 3 136 288 38 -
Reg 105406 SSP/H50703 0 - - - = 17 37 99 1 =~ 6 107 256 21 -
Reg 96145 RC/H50701 3 1 - - - 12 45 111 - 8 153 261 66 -
Reg 99919 RC/H50704 2 2 - 1 - 8 38 87 - 0 58 243 30 -
Bnt 60579 RC/H50705 3 2 - = = 0 5 35 - 0 31 83 11 -
Bnt 63813 RC/H50706 7 3 - - - 1 16 32 - 0 69 120 23 -
- 22393 1W/051250 O 3 912 - 2 25 21 - 0 27 58 14 -
23100 1IW/051251 O 8 20 15 - 9 111 94 - 0 26 98 46 -
21864 1IW/051256 0 3 28 13 - 7 46 72 - 3 16 137 56 -
26499 W (p1257 2 11 31 23 - 6 69 105 - 4 56 129 65 -
- 20075 1IW/051252 0 2 18 9 - 5 78 68 - 0 38 838 23 -
21158 1W/051253 2 9 23 13 -~ 0 60 41 - 0 25 76 41 -
25467 1W/051254 0 9 24 17 - 3 81 45 - 3 31 91 50 -
25505 1W/051255 1 15 28 17 - 3 70 61 - 0 16 140 64 -



(Table 2 continued.)

Rel ease Treat- Number ILocation/ O-site Ocean In-river
Year ment Tagged Code Recovery Recovery Recovery

3 4 5 0 2 3 4 5 6 2 3 4 5 6

1986 Reg 50840 SSp/B50312 - - - 0 8 - - 0 25 40 - -

Reg 52946 SSP/B50315 -~ - - 2 1 - - 0 4 18 - -

Reg 52387 SSP/B50314 - - = 0 5 - - 0 11 25 - -

Reg 54598 SSP/B50313 - - - 0 0 - - 0 4 45 - -

Reg 50757 RC/B50308 0 - = o 6 7 - - 0 5 14 - -

Reg 50817 RC/B50309 0 1 - - 0 0 - - 0 4 12 - -

Reg 51996 RC/B50310 0 - - - 0 5 - - 0 10 22 - -

Reg 52360 RC/B50311 0 - - - 0 0 - - 0 9 3B - -

Dbl 35427 RC/B50409 0 -~ - - 0 4 - 0 0 - - -

Dbl 35376 RC/B50408 0 - - - 0 1 - - 0o 0 15 - -

Trp 52631 RC/B50215 0 1 - - 0 1 - - 0 4 16 - -

Trp 53208 RC/B50214 0 - - 0 0 - - 0 4 13 - -

Bnt 51851 RC/B50213 0 - - 0 0 - - 0 0 - - -

Bnt 52128 RC/B50212 ( - - 0 0 - - o 0 5 - -

Bnt 51851 RC/B50211 0 - - 0 0 - - 0 0 13 - -

Bnt 51850 RC/B50210 0 - - 0 0 - - o 0 - - -

48146 1W/051810 0 3 9 - - 0 4 - - 0o 12 17 - -

48147 1W/051809 0 2 1 = - 0 4 - - 0 11 32 - -

49443 1W/051807 0 3 17 - = 0 2 - - 0 11 - - -

49574 1W/051808 0 5 12 - - 5 7 - - 0 12 27 - -

1987 Reg 47731 DL/B50101 0 2 - - 6 3 - - 0 38 - - -

Reg 49839 DL/B50102 1 3 - - 5 - - 0 14 - - -

Reg 49947 DIyB50103 1 2 - - 0 - - 0o 3 - - -

Reg 47400 DI/B50104 2 2 - - 0 - - 0o 6 - - -

Dbl 31671 DL/B50105 2 4 - - 3 - 0 3 - = =

Dol 34209 DI/B50106 1 3 - - 0 3 - - 0 3 - - -

Trp 49720 DL/B50713 0 2 - - 4 - - - 0 17 - - -

Trp 48285 DL/B50714 1 2 - - 0o - - - 0 23 = = -

Qua 59682 DI/B50201 0 3 - - 0o - - - 0 14 - - -

Qua 62157 DI/B50202 1 7 - - 1 3 - - 0 14 - - -




Table 3. Adult recovery summaries (number and percent) of fish released at Rock Creek (RC), Social Security Pond
(SSP), and controls released at the Little White Salmon NFH (IW), including totals for each area of recovery
(on-site, ocean, or in-river) for 1984 and 1985. Adjusted total returns account for an average of 26 % loss of
out-migrants at each project (n=2) for fish released in the John Day pool, prior to entering the Bonneville

pool, where controls were released. On-site recoveries from RC and SSP are absolute numbers, 3| 1 others are

Treat- Location/ Number Adjusted On-site Ocean In-river " Tot al _de usted Total
ment Code Released Number No. % No. % No. % No. % Returns (%)
1984
Reg SSP/H50606 72027 39442 0 0 77 .107 88 122 165 .229 .418
Reg RC/H50607 79610 43594 11 .014 217 .273 196 .246 424 .533 .973
- IW/051337 94847 - 88 .093 329 .347 429 , 452 846 .892 —
1985
Reg SSP/H50702 99169 54305 0 0 206 , 208 465 .469 671 .677 1.236
Reg SSP/H50703 105406 57720 0 0 154 .146 390 .370 544 .517 .944
Reg RC/H50701 96145 52649 4 .004 168 .175 488 .508 660 .686 1. 253
Reg RC/H50704 99919 54716 5 .005 133 .133 331 .331 469 .469 .856
Bnt RC/H50705 60579 23967 5 .008 40 .066 125 .206 170 .281 .513
Bnt RC/H50706 63813 34944 10 .016 49 .077 212 .332 271 .425 .776
—_— IW/051250 22393 — 24 .107 48 .214 99 , 442 171 .763 —
e IW/051251 23100 -_— 43 .186 214 .926 170 .736 427 1. 848 -_—
- IW/051256 21864 _— 44 .201 125 .572 170 .956 378  1.729 —_
— IW/051257 26499 — 67 .253 180 .679 250 .943 497 1.876 -
— IW/051252 20075 — 29 .144 151 .752 149 , 142 329 1.639 —
- 1W/051253 21158 — 47 .222 101 477 142 .671 290 1.371 —
- IW/051254 25467 — 50 .196 129 .506 172 .675 351 1.378 -
- 1W/051255 25505 -_— 61 .239 134 .525 220 .863 415 1.627 -




Table 4. Summary of weekly jack (J) and adult (A) returns
to Rock Creek, fall sanpling, 1985-89. Nunber of marks
recovered are included in parentheses.

1985 1986 1987 19881,2 19892
Dat e J A J A J A J A J A
Sept  17-23 0 0 0 0 0 0 1 0 0 0
24- 30 0 0 1 0 0 0 0 0 0 0
Oct | -7 0 0 4 1 3 0 2 1 5 1
8-15 0 0 4 2 1 3 0 0 1 1
16-23 18 0 5 3 1 1 1 2 0 6
24-31 10 0 9 6 2 2 0 1 0 3
Nov | -7 26 0 25 13 8 4 0 0 0 1
8-15 30 0 87 21 18 4 0 1 1 5
16-23 11 0 52 10 13 30 0 4 0 4
24- 30 0 0 9 7 3 5 0 0 0 1
Dec | -7 0 0 9 5 0 1 0 0 0 0
8-15 0 0 2 0 0 2 0 0 0 0
Tot al 95 0 207 62 50 52 4 9 7 22
Mar ked (10) - (15 (1) (5) (99 (00 (® (00 (7)

1

Vandal s and river otters took an unknown nunber of fish over
the collection period.

2 Fish reared in 1987 are expected to return to the fish |adder
at the Little Wiite Salnon National Fish Hatchery at the
Drano Lake rearing site (included as on-site recoveries in
Table 2).
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DI SCUSSI ON

The diets of unfed fish reared in the net pens and barrier
net were slightly different. Zoopl ankton was the primry food
item of fish in both treatnments, but stomachs of fish reared in
the net pens had nore chironomd |arvae than those from the
barrier net. Chironom ds were observed colonizing the sides of
the net pens in 1985. As seen in 1985, this can be a significant
food base for fish reared in net pens.

Gowh of fish in the unfed treatnments was generally poor
and sonetines non-existent. Zoopl ankton densities were
insufficient to allow appreciable growh in nbst years. However ,
in 1985, growmh in the low and nmedium densities was greater than
that of the hatchery controls. This was due to the conbination
of the sharp increase in zooplankton nunbers in md-May and the
availability of chironomd |arvae colonizing the sides of the
pens. Large nunbers of chironomd |arvae were not seen
coloni zing the net pens in other years, and we do not know why
they were so prevalent in 1985.

Production of unfed fish was |ow Fish reared in net pens
did poorly at the two higher densities, and only two of the four
trials at the low density resulted in a net gain in production
Fish reared in the barrier net also had |ow production, but a net
gain was achi eved each year. Renmovi ng predators from within the
enclosure in 1986 increased production over |evels observed in

1984 and 1985.
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Adult returns of fish fromthe fed treatnments and barrier
net continue to |lag behind those of control fish reared in the
hat chery, but are higher than those of this and other Col unbia
River hatcheries in sone years (Vreeland 1988). Differences are
nost notable in the on-site recoveries, where off-station nunbers
are low at RC and zero at SSP.

Prelimnary data indicates that there may be an inverse
rel ationship between rearing density and return rate. A simlar
rel ati onship has been observed in fish reared at the Carson NFH
(personal communication, Joe Banks, USFW5, Abernathy Sal non
Cul ture Technol ogy Center).

Despite lower return rates for the net pen reared fish
conpared to those of the hatchery controls, due to the |ower
costs, net pen rearing may still be a viable tool, especially for
for holding "thinning" releases until a nore desireable size is

achi eved prior to rel ease.
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SUMVARY

1)  Zoopl ankton were the primary food item of unfed fall chinook
salnon reared in net pens and in a barrier net enclosure.

2) Insects colonizing net pens may provide significant
contributions to the food base of unfed fish reared in net pens,
but not inside large barrier net enclosures.

3) Gowh of unfed fish was very poor unless zooplankton
densities were high and/or other natural food bases were
avai | abl e.

4)  Zoopl ankton densities in backwaters tested were not
sufficient for a net gain in production of unfed fish when
rearing densities were greater than 32 g/m3.

5) Prelimnary data indicates adult returns from treatnents
reared off-station are |lower than those of control fish reared at
the Little White Sal non National Fish Hatchery, but are not
unlike returns from fish reared in this or other Colunbia River
hatcheries in sone years. Rearing fall chinook salnmon in net
pens may be an econom cal nethod for holding hatchery "thinning"

rel eases until a nore desireable release size is reached.
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Appendi x 1. Nunmber of zoopl ankton per m3 coll ected at Rock Creek, 1984-86. Sanpl es
were collected with a MIller sanpler in 1984 and with a Wsconsin net in 1985-86

T =trace (d).
1984
DATE
4/ 20 5/14 /16
TAXON
Copepoda
Cycl ops spp. 2620 54625 29323
Diaptomus spp. 0 104 440
Cl ad -
Bosmina spp. 898 86458 7702
Ceriodaphnia spp. 0 0 0
Chydorus spp. 66 0 0
Daphnia spp. 386 8430 118109
Diaphanosoma spp. 0 104 0
Ieptodora spp. 0 0 286
ot her 0 0 0
Totals 3970 149721 155860
1985
DATE
4/11 4/26 5/02 5/09 5/21 5/30 6/05 6/10
TAXON
Copepoda
Cyclops spp. 300 6300 10000 22400 47400 55100 111300 87400
Diaptomus spp. 0 0 300 0 0 0 0 1600
Cl ad -
Bosmina spp. 300 0 0 0 18100 291700 396000 695400
Ceriodaphnia spp. 0 0 0 0 0 0 0 0
chvdor us sop. 0 0 0 0 2300 0 0 0
Daphnia sppo. 0 300 0 700 0 2000 11000 111500
Diaphanosoma spp 0 0 0 0 0 0 0 0
Leptodora spp. 0 0 0 0 0 0 0 0
ot her 0 0 0 0 0 2000 1000 3200
Total s 600 6600 10300 23100 67800 350800 519300 899100
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(Appendix 1 continued)

- = = = - - - - - - - g

TAXON

Copepoda

Cyclops spp.
Diaptomus spp.

Cl ad -

ot her

Bosmina spp.
Ceriodaphnia spp.

Chydorus spp.
Daphnia spp.
Diaphanosgma sop
Ieptodora spp.

Total s

3/04

=

(@]
o
OO OO OO

600

1400

(9%
')
coocoXHdoOH o+ O

-3

—

1986

DATE
4/10 4/25 5/21 6/03
39900 16100 70400 97200 24800
T T T 0 T
600 1200 7200 178900 176400
0 0 T 600 15300
600 600 0 3100 800
600 T 1800 3000 26000
0 0 0 0 T
0 0 0 0 0
0 0 0 T 0
41700 17900 79400 282800 239900




Appendi x 2. Number of zoopl ankton per m3 collected at Drano Lake in 1987. Sanples were collect with a
MIller sampler. T = trace (<1).

DATE
3/04 3/18 3/30 4/09 4/16 4/21 4/29 5/07 5/15 5/22 5/29 6/04

TAXON

Cyclops spp. 0 0 8 0 7 14 14 14 62 T 486 313

Diaptoms spp. 0 0 0 0 14 34 0 7 14 139 T 0
Cl adocer a

Bosmina spo. 14 14 0 41 117 179 550 2468 3486 60160 30860 10010

Ceriodaphnia spp. 0 0 0 0 0 0 0 0 0 0 0 0

Chydorus spp. 0 0 0 0 0 0 0 0 0 0 0 0

Daphnia spp. 0 0 0 0 0 0 0 7 14 278 T 0

Diaphanosoma 0 0 0 0 0 0 0 0 0 0 0 0

Ieptodora spp. 0 0 0 0 0 0 0 0 0 70 0 0
ot her 0 0 0 0 _qo _o 0 0

Totals 14 14 0 41 138 227 564 2496 3576 64400 35720 13140




Appendi x 3. Mean nunber, percent occurrence, and percent of the
total nunber of food itens in stomachs of juvenile fal
chi nook salnmon reared w thout supplenental feeding in net
pens at Rock Creek in 1984-86, and at Drano Lake during
1987. Sanpl e sizes are in parentheses. T =
trace (<0.1).

Mean Percent
Year Treat nent Food item nunber occurrence nunber
1984 Unfed @
(30) Zoopl ankt on 148. 9 96. 7 99.6
Cl adocer a 124. 2 96.7 83.1
Copepoda 25.5 93.3 16.5
Cther b - - -
I nsects 1.2 46.7 0.4
Chi r onom dae 1.2 13.3 0.1
O her © 0.9 43. 3 0.3
Bryozoans 1.0 3.3 T
crher d - T -
1985 Low Density
(10) Zoopl ankt on 15.4 80.0 14.9
Cl adocer a 11.0 60.0 8.0
Copepoda 8.1 70.0 6.9
other b - - -
I nsects 68.7 100.0 82.9
Chi r onom dae 67.8 100.0 81.8
QG her © 3.0 30.0 1.1
Bryozoans 3.0 60.0 2.2
cther 4 - T -
1985 Med Density
(10) Zoopl ankt on 7.1 90.0 28. 2
Cl adocer a 5.4 80.0 18.9
Copepoda 3.0 70.0 9.3
Cther b - T -
I nsects 12.5 100.0 55.1
Chi r onom dae 14.2 80.0 50. 3
O her 2.2 50.0 4.8
Bryozoans 5.4 70.0 16. 7
other @ -- -- --
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(Appendi x 3 conti nued)

Mean Per cent
Year Treat nent Food item nunber occurrence nunber
1985 H Density
(10) Zoopl ankt on 4.5 60.0 15.2
Cl adocer a 1.3 60.0 4.5
Copepoda 3.8 50.0 10.7
Gther P - - --
I nsects 2.9 100.0 16. 3
Chi ronom dae 3.2 80.0 14. 6
O her € 0.5 60.0 1.7
Bryozoans 163.6 80.0 61.2
Cther d 1.3 100. 0 7.3
1986 Low Density
(30) Zoopl ankt on 75. 8 100.0 96. 7
Cl adocer a 43. 3 73.3 45. 2
Copepoda 43. 2 93.3 51.5
Cther b ol - -
I nsects 2.6 56.7 1.9
Chi r onom dae 3.0 33.3 1.3
O her € 1.2 40.0 0.6
Bryozoans 1.4 33.3 0.6
crher d 1.3 50. 0 0.8
1986 Med Density
(35) Zoopl ankt on 128. 7 100.0 97.5
Cl adocer a 106. 7 97.1 78.6
Copepoda 25.0 100.0 19.0
Crher P T 91. 4 T
I nsects 2.1 40.0 0.6
Chi ronom dae 2.7 8.6 0.2
O her © 1.8 34.3 0.5
Bryozoans 7.0 31. 4 1.7
cther 4 0.5 28.6 0.1
1986 H Density
(30) Zoopl ankt on 42.1 100.0 96. 8
Cl adocer a 27. 4 96. 7 60. 9
Copepoda 17. 4 90.0 35.9
Gther b - - -
I nsects 1.7 53.3 2.1
Chi ronom dae 2.4 33.3 1.9
O her © 0.3 30.0 0.2
Bryozoans 2.8 13.3 0.8
crher d 0.7 20.0 0.3
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(Appendi x 3 conti nued)

Mean Per cent
Year Treat nent Food item nunber occurrence nunber
1987 Low Density
(19) Zoopl ankt on 10.5 31.6 76. 8
C adocer a 10. 3 31.6 75.6
Copepoda 1.0 5.3 1.2
O her b -- -- --
| nsects 1.4 73.7 23.2
Chi r onom dae 1.9 36.8 15.9
O her © 0.8 42.1 7.3
Bryozoans T o T
Crher d T 5.3 T
1987 Med Density
(10) Zoopl ankt on 20. 8 50.0 92.0
d adocer a 7.2 40.0 25.9
Copepoda 18.5 40.0 66. 1
Gther b - - -
| nsects 2.2 40.0 8.0
Chi r onom dae 2.5 20.0 4.5
O her © 2.0 20.0 3.5
Bryozoans T T T
cther 4 T 30.0 T
1987 H Density
(18) Zoopl ankt on - - -
d adocer a - - -
Copepoda -- - T
Gther b - - --
| nsects 1.6 66. 6 100.0
Chi r onom dae 2.7 16. 7 42.1
O her © 1.2 50.0 57.9
Bryozoans T T -
cther d T 27.8 T

8 Rearing density in 1984 was lower than |ow density of other
years.

b ‘ncludes _Alona se. Ceriodaphnia sp., Chydorus _sp.
Di aphanosoma so., Leptodora sp., and unidentifiable parts.

C Includes Isoptera, Thysanoptera, Coloeptera, and
unidentifiable parts.

d  I'ncludes rocks and detritus.
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Appendi x 4. Mean nunber, percent occurrence, and percent of the
total nunber of food itenms in stomachs of juvenile fall
chinook salnmon reared w thout supplenental feeding in a
barrier net at Rock Creek in 1984-86. Sanpl e sizes are in
parentheses. T = trace (<0.1).

Mean Per cent
Year Treat nent Food item nunber occurrence nunber
1984 Barrier Net
(30) Zoopl ankt on 289. 3 96.7 99.9
Cl adocer a 234.0 96.7 80.8
Copepoda 52.1 93.3 17. 4
O her a 29.0 16. 7 1.7
I nsects 0.8 13.3 0.1
Chi ronom dae 1.0 3.3 T
O her 0.7 10.0 T
Bryozoans T T T
O her © T 90.0 T
1985 Barrier Net
(50) Zoopl ankt on 85.5 76.0 97.0
Cl adocer a 44. 4 64.0 42.5
Copepoda 58.8 62.0 54.5
QG her 2 0.6 16.0 0.1
I nsects 2.2 52.0 1.7
Chi ronom dae 1.6 20.0 0.5
O her 1.9 42.0 1.2
Bryozoans 3.3 18.0 0.9
Q her © 0.4 66.0 0.4
1986 Barrier Net
(56) Zoopl ankt on 173. 4 85.7 97.9
Cl adocer a 108. 3 67.9 48. 4
Copepoda 120.2 62.5 49.5
QG her 2 T 30.4 T
I nsects 4.0 66. 1 1.8
Chi r onom dae 2.3 26. 8 0.4
O her 3.4 60. 7 1.4
Br yozoans T 1.8 T
O her © 1.2 44. 6 0.3
@ |ncludes Alona so., _Ceriodaphnia sp., Chydorus sb..
b D aohanosonma sp., Leptodora so, and wunidentifiable parts.

Includes |soptera, Thysanoptera, Coloeptera, and
uni dentifiable parts.
C Includes rocks and detritus.
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